We propose an explanation of the LHC data excess resonance of 750 GeV in the diphoton distribution using D-brane models, with gauged baryon number, which accommodate the Standard Model together with vector like exotics. We identify the 750 GeV scalar as either the sneutrino (ν R ) or as an axion. Using a bottom-up approch, ν R is produced via gluon fusion when scalar (supersymmetric) partners of vector like quarks and leptons are generated by demanding that the corresponding intersections respect N=1 supersymmetry. When we generate the value ofν R at 750 GeV, by varying the complex structure of the torus, the string scale is limited to be in the range 10 14 < M s < 10 19 GeV. Also, generating the Higgs scalars by imposing N=1 supersymmetry on intersections fixes naturally, to zero, the coupling of the axion to SU(2) gauge bosons ∝ F b ∧F b and in photon-photon fusion also decouples its coupling from G 2 of color SU(3) by simultaneously generating the superpartners of q L , U R , l L , ν R quarks and leptons.
Introduction
Run 2 LHC early data from ATLAS and CMS at an energy √ s = 13 TeV using integrated lunimocities of 3.2 fb −1 and 2.6 fb −1 show hints of a new resonance in the diphoton distribution of pp collisions at an invariant mass of 750 GeV [1, 2] . The corresponding excess in the cross section can be estimated to be σ 13 T eV pp→γγ ∼ 3−13 fb [1, 2] . At the Moriod 2016 conference, the ATLAS and CMS collaborations [3] , [4] , [5] updated their search, increasing the statistical significance of the excess around m γγ ≈ 750 GeV (up to 3.9 in ATLAS and 3.4 in CMS, locally) but do not qualitatively change the main implications, still maintaining a hint for an excess at 750 GeV.
The origin of the new resonance has been attributed to a lot of different scenarios [6] - [31] . In most of the scenarios the 750 GeV resonance is a scalar (or a pseudoscalar) that is produced via gluon fusion ans subsequently decays to two photons, via loops of vector-like fermions. In the context of string theories a variety of works has dicsussed the diphoton excess [32] , [33] , [34] , [35] , [36] , [37] , [38] , [39] , [40] , [41] , [42] , [43] , [44] .
In this work, we use theν R as the source of the diphoton excess (DE) in baryon number conserving non-supersymmetric D-brane models, using the model of [45] . The presence of N=1 supersymmetry in particular intersections, gives birth to the previously massiveν R that now become massless at the string scale and survives to low energies.
Other works which usedν R to explain DE, use an R-parity violating background in the MSSM [46] , [47] . This paper is organized as follows. In Section 2 we will discuss the basic structure of the non-supersymmetric intersecting D6-brane model considered. We discuss the interpretation of the DE in terms ofν R in Section 3, especially the appearance ofν R , and extra fermions (also scalars), in the presence of supersymmetry on intersections.
In Section 4 we describe the use of the axion in the D6-brane models considered, as a alternative possibility to explain the DE. Our models possess all the ingredients to explain the use of the string axion to explain the 750 GeV state in terms of gluon or photon fusion, when superpartners of Higgsinos and some SM ferrmions are present because of N=1 supersymmetries preserved at particular intersections. We conclude in Section 5. factor will give rise to an SU (N i ) charged under the associated U (1 i ) gauge group factor that appears in the decomposition SU (N a ) × U (1) a . In this paper, we are using the five stack D6-brane string model of [45] . The initial gauge group of the model 
e , type I D6-brane model together with its U (1) charges. Note that at low energies only the SM gauge group
There are various gauged low energy symmetries in the models. They are defined in terms of the U(1) symmetries Q a , Q b , Q c , Q d , Q e , where the baryon number B and lepton number L, respectively are equal to
and I 3R being the third component of weak isospin and 3(B − L) and Q c are free of triangle anomalies. The U (1) b symmetry plays the role of a Peccei-Quinn symmetry, having mixed SU(3) anomalies.
The embedding on a string construction
The interpretation of the DE in the context of string theory D-brane models, ideally, would be phenomenologically interesting if the string scale is low at the TeV region.
At low scale D-brane models (LCD), extra dimensions transverse to the space where the D-branes are wrapping become large, when the string scale becomes low of order O(TeV) and at the same time the Planck scale remains large [48] , [49] . LCD's don't need supersymmetry at the TeV and string constructions of low scale D5-brane models appeared in [50] , [51] . Also LCD's possess low scale string excitations, a possible signal for LHC searches [52] and also extra Z gauge bosons as the mass of Z' could be at the TeV region, e.g. [54, 55] . The present toroidal 5-stack D6-brane models don't have large extra dimensions, but one can imagine a scenario that the six-torus can be kept small but connected to a large volume manifold 1 . Recently, assuming a low scale scenario, it has been shown that for a range of string scales between [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] TeV, the 5-stack D6-models predict the lowest Z' excitation to be in the range [3.5-5.5 ] TeV while accommodating current anomalies in b → sl + l − anomalies [54] .
Lets us embed the SM quiver stucture of table (1) in a string compactification. Our SM quiver can be embedded in a bottom-up approach in string compactification of IIA theory on a six dimensional torus equipped with an orientifolded symmetry which converts, strings with D9-branes with fluxes compactified on a six-dimensional orientifolded torus T6 (where internal background gauge fluxes on the branes are turned on) by the use of a T-duality transformation on the x4, x5, x6, directions, into D6-branes intersecting at angles. In detail, swe assume that the D6 a -branes are wrapping 1-cycles (n i a , m i a ) along each of the ith-T 2 torus of the factorized T 6 torus, namely
That means that we allow our torus to wrap factorized 3-cycles, that can unwrap into products 2 of three 1-cycles Π a , one for each T 2 . We define the number of chiral fermions that are located at intersections of the branes a, b to be equal to the homology product of 3-cycles as
and transforming in the bifundamental representation (N a ,N b ) for a left handed fermion with I a b > 0. We also define the intersection number that determines the number of chiral fermions at the intersection of the a-brane with the orientifold image of the 1 A light Z' gauge boson could be also achieved if extra branes are added to the RR tadpoles that do not intersect with the SM branes [53] . 2 We define the homology of the 3-cycle as
. Because of the orientifold ΩR symmetry, where Ω is the worldvolume parity and R is the reflection on the T-dualized coordinates, 
, the NS-background β i and the phase parameters = ±1,˜ = ±1.
b-brane, namely
The fermions at the ab* intersection transform at the representation (N a , N b ) for a left handed fermion with I a b * > 0. Any vacuum derived from the previous intersection constraints is subject additionally to constraints coming from RR tadpole cancellation conditions [56] . 
These conditions in string theory are stronger that the cancellation of non-abelian gauge anomalies of gauge theories, as it takes into account all the ultarviolet completion of the spectrum of the theory. The intersection numbers of the Standard Model quiver of (2.5) and
When the condition
is satisfied, Q M coincides with the Standard Model hypercharge assignment
The tadpole conditions are
which simply adds a further constraint on the undetermined parameters of table (2). We have allowed the addition of N D extra branes with wrappings
that don't intersect with the rest of the branes and thus don't generate additional SM particles. The electroweak Higgses that are necessary for giving masses to all quarks and leptons are listed in table (3) . Proton is stable due to the fact that baryon number B( is an unbroken gauged global symmetry surviving at low energies) anomalies cancel through a generalized Green-Schwarz mechanism(see ). In the D6-brane models with four stacks [57] and in the five stack models [45] , it was noted that the Higsses arising from intersections bc, bc*, are part of the massive spectrum. They could become massless by varying the distance between the parallel branes across the 2nd tori for both intersections. In this work, we follow a different approach. The Higgs, from the NS sector, responsible for electroweak symmetry breaking will be generated by demanding that N=1 supersymmetry is preserved at the intersections bc, bc* not necessarily being the same one. Since the models are non-supersymmetric (non-SUSY) we expect that some intersections to respect some supersymmetry providing us with further constraints on the parameters n 1 b , n 1 c , etc. Related issues on N=1 supersymmetries on non-SUSY D-brane models have been discussed in [61] , [62] . The Yukawa interactions for the chiral spectrum of the SM's yield: 3 Interpretation of the Diphoton Excess
Di-photon preliminaries
We will consider only the case that the 750 GeV spin-0 resonance is produced from gluon decays into photons. In this case, the diphoton excess is explained via the resonant process pp → S → γγ where S is a new uncoloured scalar boson with mass M, spin J, and width Γ coupled to partons inside the proton. The signal cross section for the scalar mediated process mediating on shell scalar singlet S, is approximated as follows:
Assuming a spin-zero particle produced resonantly via gluon fusion, we arrive at (the last part of the following eqn. can be seen at [60] )
where we have taken into account the QCD NLO enhancement K-factors K 13 ≈ 1.5 [13, 66, 67] and Γ gg = Γ(S → gg), Γ γγ = Γ(S → γγ). Γ = Γ gg + Γ γγ , √ s are the total width and the center of mass energy ( √ s = 13 TeV) respectively and C gg is the partonic integral [58]
where f g (x) is the function representing the gluon distribution inside the proton. The integral is computed using MSTW2008NNLO [58] and its numerical value at 13 TeV is estimated [13] to be C gg = 2137. Thus in the narrow width approximation
The partial widths Γ(S → gg), Γ(S → γγ) from loops involving fermions and scalars are given by [59] (also [13] )
where a 3 = 0.1, α = 1/128, C r is the Dynkin index of the colour representation (C r = 3 for the triplet), d r is its dimension, q s the charge and
, with a = f, s for the fermion and scalar masses respectively. The functionsS(τ ), P (τ ) are [63] 
In order to show that the D-brane model has the ingredients to explain diphoton excess, we choose the gluon fusion production cross section (3.2) at σ(pp → γγ) ≈ 3 fb, which is the experimentally favoured value as extracted from a fit to the preferred cross 3 sections of Morion data conference [3] , [4] , [5] and consider two sample cases, one of a broad resonance as favoured by ATLAS (Γ = 45 GeV) and another one of a narrow resonance as favoured by CMS. In this case, repeating the procedure of [13] and assuming that 3 See relevant comment on p.29 of [66] .
production from γγ partons can be neglected with respect to production from gg, we
or equivalently
where we have neglected the K 13 factor in the calculation of (3.6), (3.8), (3.7), (3.9).
The sneutrinoν R a candidate for generating the diphoton excess
In [45] we imposed N=1 supersymmetry (SUSY) on the intersection ce of the intersecting at angles branes c and e, as a means to generate the spartner of ν R , namelỹ ν R , which was used to break the extra U(1) (2.6) that is surviving massless beyond hypercharge at low energies 4 . The N=1 SUSY condition 5 on intersection ce is
which is solved (possessing the N=1 susy (++-) in the notation of [61] ) by choosing
4 There is no B ∧F i Chern-Simons couplings to the hypercharge Q M , where F i the non-abelian field strength of the U(N) i gauge bosons. As a result Q M ≡ Q Y survives massless to low energies. 5 We define the complex structure as
, 2, 3 for the three tori. See [45] for details.
That necessarily fixes
In this work, we interpret the observed diphoton excess as a 750 GeV scalar neutrinoν R resonance generated via gluon fusion. Since it has a low mass, it can no longer be used to break the U(1) (2.6). Instead this U(1) could be broken by another gauge singlet scalar, the spartner of N R 's located at the intersection cd which becomes massless if there is a N=1 SUSY preserved at the intersection cd (namely the ++-, N=1 susy in the notation of [61] ). The latter happens when the condition
is satisfied, where we have also used (3.11). Since ν R is located with multiplicity one at an intersection, while N R appears with multiplicity two at another intersection, one of the spartners of N R 's could be used to break the U(1) (2.6). Also we could (as was applied recently at [54] ) identify ν R as belonging to the third generation where also we identify Q to be (t, b) L and identify q to imposing some N=1 SUSY to be preserved at the ce intersection. There are also nonchiral fermions at the intersections ad, ad*, ae, ae*, bc, bc* de, be* as it happens some branes to be parallel along the same T 2 torus and intersecting at angles along the rest of the tori. We discuss later those issues as matter it concerns their effect on DE. 6 The intersection numbers inside the parenthesis denotes the corresponding fermion that is localized at this intersection. is the only 7 fermionic contribution to the gluon fusion partial width Γ(S → gg). X 1 is located at the intersection ae*. Because I ae * = 0 at this intersection, we have generation • Contributions to Γ(S → γγ)/M S Contributions to the S → γγ loop diagrams could come from the Yukawa mass terms involving mixing of S with the right handed fermion singlets from cd* intersection, the E R and its vector pair from de* intersection as follows from skata
However, the number of I de * fermions is equal to β 2 (2n 
contributes the to S → γγ width. It is generated by a mixing from the higgsinosh 1 from bc intersection with the tau lepton, the lepton doublet of the third generation, that appears with multiplicity one. The number of higgsinos 9 is calculated from the non-zero intersection numbers in the first and third tori
Making the choice the number of higgsinos is one, thus generating one vector weak pair of doublets that mixes with the tau lepton. Using the tau lepton mass m τ = 1.78 GeV, we find that its 9 At the bc intercection, we have localized a non-chiral pair of Higgsinos, each of them appearing with multiplicity given by (3.19) and (3.20) . Explicitlty, they are (h 1 ) (0, 1, −1, 0, 0) , (h 2 ) (0, −1, 1, 0, 0) . 10 The choice n 1 b = 0 may be justified later. See (3.24) . (5)) that are consistent with the CMS predicted diphoton excess We have set y s = 1 and yh = 12.
rates (3.9).
Diphoton excess in the presence of extra scalars
We have shown that a scalar superpartner of the right handed neutrino can account for the diphoton excess signal of 750 GeV and also discussed the presence of vector-like fermions which populate eqn.'s (3.3, 3.4) to explain the diphoton excess. It is also possible to generate vector-like scalar contributions to eqn.'s (3.4) by demanding that N=1 supersymmetry is preserved at the intersections I ij where the vector-like fermions are localized. Thus the previously massive scalars become massless at the intersections completing the N=1 chiral multiplet structure. The scalar may appear with the same multiplicity as the corresponding fermion. Wc will briefly discuss the conditions for these scalars to exist, without further providing further details of their contribution to Γ(pp → S → γγ).
• Contributions to Γ(S → gg)/M x from coloured vector-like scalar states Scalar contributions to Γ(S → gg)/M S could be generated by demanding that in eqn. (3.15) , the intersections bc, be a N=1 supersymmetry is preserved by the corresponding branes and thus the non-chiral spartners of higgsinos the electroweak Higgses and the spartners of the the 3rd generation of leptons appear respectively. Note that as the models we discuss are not supersymmetric, these supersymmetries need not be necessarily the same. The N=1 supersymmetry condition at the intersection 11 bc is 23) which is solved by eqn. (3.11) and
Condition (3.23) generates the electroweak scalar Higgses, superpartners of higgsinos
The N=1 supersymmetry condition at the intersection be (generating the scalar superpartner of l L ) is 25) which is solved by
Solving (3.26) the value of complex structure moduli across the third torus is fixed at
Estimating the mass ofν R
The mass ofν R of the yet unseen 750 GeV diphoton excess candidate in our D-brane model can be generated geometrically by varying slightly the complex structure U 1 in 11 At the bc intersection there are two N=1 supersymmetries that are preserved, namely the (+++), (+-+). Thus this is a N=2 supersymmetry preserving intersection. Necessarily, the conditions (3.11), (3.24) also solve the supersymmetry condition on the intersection bc*, that is
Note that the pair of N=1 susy's preserved at bc* intersection, namely the (++-), (+-), are different than the one's preserved at the bc intersection. 12 Where the expressions inside the parenthesis denote the angles in the respective complex 3-dimensional orientifolded tori. the first torus. In fact, by setting its mass to 750 GeV, we will be able to set constraints on the string scale of the models. This procedure is equivalent to turning on a FayetIliopoulos term in the effective theory. Assuming a slight departure of U 1 from its value (3.12)
where δ 1 << U 3 , we find (M s the string scale)
As a representative example, we assume that m ν R = 750 GeV, the string scale M s = 2 × 10 16 GeV and using β 1 = 1/2, n 1 c = −2, we find that 4 The axion as a string theory 750 GeV candidate responsible for di-photon excess
In [41] , [34] , [35] , [36] the axion was discussed as a solution to the diphoton excess problem in the context of string theory. The parameters of our classes of D6-brane string models, accommodate these scenaria when certain superpartners of SM particles are present.
The effective axion Langrangian for an axion Φ coupled to gluons and photons for our toroidal models is (see [36] for relevant dicsussion) 
In the present models the five different U(1)'s couple as [45] : 
where λ a i are model dependent coefficients. In our models, the non-zero axion-like couplings are
6)
The present models offer a variety of possibilities as matter as it concerns the possible couplings of axion to QCD field strength and the photon. We list them as follows :
Producing the axion via photon fusion
In section (3), sneutrino was the 750 GeV candidate that was produced via gluon fusion. Assuming at this section that the axion (and not theν R ) could be the 750
GeV candidate, the scalarν R could be used to break the extra beyond hypercharge U(1) (2.6). Let us further assume that the axion is produced via photon fusion. This possibility has been discussed in the four stack models of [34] assuming a low scale string theory. In our 5-stack parametric classes of string models, photon fusion is easily accommodated if the coupling of the axions to the SU(2), SU(3) field strengths become zero, namely
We have seen in (3.24) that the coefficient n 1 b , which describes the axion coupling to the SU(2) gauge bosons, can be relaxed to zero as a result of imposing N=1 supersymmetry on the intersections bc, bc * , thus generating the Higgs necessary to give masses to all quarks and fermions. The condition n 2 e = 0 is derived in (3.12) by demanding that a N=1 supersymmetry is preserved at the intersection ce, in order to generate a massless sneutrino 13 that is used to break the U(1) (2.6). Finally, the condition n 2 a = 0 is necessary if we want the axion to be produced by photon fusion. In this case (as in [34] , [35] ), the axion should not couple to colour SU(3) gauge bosons to avoid unwanted diphoton diphoton signals. We derive this condition by demanding that the spartner of right handed up quark U R is generated when N=1 supersymmetry is preserved at the intersection ac where the spartner of U R is localized. The supersymmetry condition at ac is
The branes a, c preserve the N=1 supersymmetry (-++). Eqn. (4.8) is solved by (3.11), (3.13) and
Eqn. (4.9) is solved by
Using also that is negative (see eqn.(3.24)) results in the condition (3.26) , that was derived by demanding that the spartner of l L is generated at the intersection be, fixing the U 3 modulus at its value (3.27). Let us assume that the same supersymmetry (-++) is preserved at the ab* intersection. Then conditions (4.10) and also (3.26) which solve (4.10) at intersection ac, also solve the N=1 supersymmetry condition at ab*, namely ab * : (tan
Condition (4.11) generates the spartner of q L .
Producing the axion via gluon fusion
Axionic gluon fusion (AGF) has been discussed in a string theoy context in [41] , [36] .
The axion AGF could be present in our models if a non-zero coupling of axion to the SU(3) 2 field strength and the photon F 2 exists. Thus we need 13 Alternatively, we could have let n 2 e = 0, in which case, necessarily, since we have to break the extra U(1) (2.6), we will generate the required gauge singlet scalars by enforcing N=1 supersymmetry at the de intersection (see eqn. (3.14) ). This procedure generates the two sneutrinosÑ R , superpartners of N R , both localized at the same intersection. One of them, could be used to break the U(1) (2.6).
In [36] the value of n 1 b was allowed from RR tadpole conditions to be chosen equal to zero. In our models the conditions (4.12) are obtained, as we require the presence of Higgses, higgsinos andν R simultaneously with the SM quarks and leptons. As we have already discussed, this is achieved with the simultaneous presence of supersymmetry on intersections, bc, bc* and ce respectively. As seen from (4.1), (4.6), the QCD coefficient g g in (4.1) is proportional to the n 2 a coefficient. Similarly, the hypercharge related g Y in (4.1) is related to the n 
Conclusions
We have shown that the sneutrino can explain the 750 GeV diphoton excess, produced have also shown that in the case where no coupling between the axions and the colour SU(3) G 2 (as considered in [35] ) exists, the zero interaction result can be justified in our non-supersymmetric D6-brane model, due to the presence of N=1 supersymmetry in the intersections ab * , ac, be, ce, where q L , U R , l L , ν R are localized respectively. Thus the superpartners of the q L , U R , l L , ν R should also be present in the low energy effective action of the 5-stack D6-brane model.
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